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Assembly of a Photoactivatable Cofactor Triad within a Designed Protein
Nathan M. Ennist, Goutham Kodali, Christopher C. Moser, P.L. Dutton.
University of Pennsylvania, Philadelphia, PA, USA.
Natural proteins hide the essential requirements for their function beneath
layers of unnecessary complexity. To test our understanding of structure-
function relationships and to develop proteins with novel properties, we engi-
neer functional model proteins (maquettes) from scratch. Previously, we de-
signed and demonstrated a 14.7 kDa 4-a-helix bundle that catalyzes light-
activated electron transfer from zinc protoporphyrin IX to heme. However,
without the use of a sacrificial electron-donor in solution, the electron and
hole quickly recombine. In order to stabilize the charge-separated state for use-
ful chemistry, we designed an extended 22.4 kDa version of this protein that
incorporates a third cofactor, a di-metal center, to serve as an electron donor.
A tyrosine residue was inserted between the zinc porphyrin and the di-metal
site, similar to the redox-active YZ of photosystem II. The design of this protein
was guided by analysis of natural cytochromes and carboxylate-bridged diiron
and dimanganese proteins as well as previous designed proteins from the Dut-
ton, DeGrado, Lombardi and Haehnel groups. The distances between cofactors
were selected by applying the Moser-Dutton ruler to maximize electron transfer
efficiency. Each cofactor binding site included multiple helical glycine residues
to impart local flexibility to the protein backbone, minimize steric clashing be-
tween amino acid side chains and cofactors, and prevent cofactors from creat-
ing long-range structural distortions that could result in anticooperative
binding. Ultraviolet/visible spectroscopy showed that all three cofactors bind
stoichiometrically with dissociation constants less than 1 mM at pH 7.0, sug-
gesting that modularity of these designed maquettes is extremely useful in con-
structing functional manmade enzymes. Ultimately, we would like to
incorporate these functional maquettes in vivo to make them a part of natural
redox cycles and to do useful catalysis.
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The Inhibitory Substrate Binding Site of Human Indoleamine
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Indoleamine 2,3-dioxygenase (IDO) is a heme-containing enzyme that inserts
dioxygen into L-Trp to generate N-formylkynurenine. It is involved in a variety
of immune related physiological and pathophysiological conditions, such as fe-
tal tolerance and cancer immune escape. Recently, IDO has attracted a great
deal of attention owing to its potential as a therapeutic target for cancer. Our
previous studies indicated that the activity of human isoform of IDO (hIDO)
exhibits substrate-inhibition behavior due to the presence of two substrate bind-
ing sites: an active substrate binding site and an inhibitory substrate binding site
(Lu C, Lin Y and Yeh SR, JACS, 131, 12866-7, 2009). We showed that, in ad-
dition to the substrate L-Trp, the inhibitory substrate binding site is able to ac-
commodate uncompetitive inhibitors with a variety of molecular structures,
making it an ideal target for the design of hIDO-selective inhibitors. Despite
its importance, the structure of the inhibitory substrate binding site remains elu-
sive. We hypothesize that the long and flexible Loop-JK in the distal heme
pocket of hIDO is a critical structural element of the inhibitory substrate bind-
ing site. To test this hypothesis, we sought to examine three mutants of hIDO, in
which the Loop-JK was systematically truncated. We found that the mutations
only slightly perturbed the efficiency of the enzyme, but they significantly re-
duced the affinity of L-Trp towards the inhibitory substrate binding site, con-
firming that the Loop-JK is an integral part of the inhibitory substrate
binding site. The data will be discussed in the context of the structural and func-
tional relationships of the enzyme.
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The Potential Application of Erythroid 5-Aminolevulinate Synthase
Variants for Photodynamic Therapy
Erica J. Fratz.
University of South Florida, Tampa, FL, USA.
5-Aminolevulinate synthase (ALAS) catalyzes the reaction of succinyl-CoA
with glycine to produce 5-aminolevulinate (ALA), carbon dioxide, and CoA,
the first and rate-limiting step of the heme biosynthetic pathway in animals.
Erythroid ALAS (ALAS2) is negatively regulated by heme at the level of mi-
tochondrial import and, in its mature form, certain mutations of the murine
ALAS2 active site loop result in an increase in production of protoporphyrin
IX (PPIX), the precursor for heme. Interestingly, generation of PPIX is a crucial
component in the widely used cancer treatment photodynamic therapy (PDT).
ALAS2 variants that cause accumulation of PPIX provide a novel means of tar-
geted photosensitization, and have potential for use in studies to evaluateimmunological effects in tumors. In order to assess the potential utility of
ALAS2 variants in PPIX production for PDT, K562 cells and HeLa cells
were transfected with plasmids encoding ALAS2 variants and the level of
accumulated PPIX was analyzed using flow cytometry with fluorescence detec-
tion between 620-640nm. Further, cells overexpressing ALAS2 variants were
subjected to light treatments after which cell viability was determined. In
HeLa cells, we found that transfection of murine ALAS2 hyperactive variants,
specifically those with mutated mitochondrial presequences and active site
loops, causes significant accumulation of PPIX. Light treatments revealed
that ALAS2 overexpression results in an increase in apoptosis in comparison
to ALA treatment producing a similar amount of PPIX. Thus, the delivery of
very active and stable ALAS2 variants has the potential to considerably im-
prove current ALA-PDT.
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Cloning, Expression, and Purification of a Putative Prostaglandin
Synthase from Nostoc as a Sumo Fusion Protein
Margaret V. Butchy, Kevin Backus, Huasong Tang, Barry S. Selinsky.
Villanova University, Villanova, PA, USA.
A putative gene for prostaglandin synthase (PGHS) was identified in the ge-
nome of the bacteria Nostoc punctiforme. The Nostoc protein is predicted to
contain both the heme binding site and cyclooxygenase active site, but lacks
sequences attributed to dimer formation and membrane assoiciation. The gene
for the putative PGHS was subcloned into an expression vector with a small
ubiquitin modifier protein (SUMO) fusion partner and a histidine tag for visu-
alization and isolation. The gene was overexpressed in E. coli BL21 cells,
with expression observes both as soluble protein and as insoluble inclusion
bodies. The soluble protein was demonstrated to bind heme, as predicted
from modeling studies. Purification of the expressed soluble protein was
attempted using a Ni affinity resin. Current progress on the purification and
characterization of the enzymatic activity of the expressed protein will be
reported.
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Denaturation of Cytochrome C Induced by Non-Thermal Plasma
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Zhigang Ke1, Jingjing Zhang1, Shanshan Ma1, Qing Huang1,2.
1Key Lab of Ion-beam Bio-engineering, Chinese Academy of Sciences,
Hefei, China, 2The University of Science and Technology, Hefei, China.
Cytochrome c, a heme protein located in mitochondria of cell, has the electron
transport function for it undergoes oxidation/reduction to transfer electrons be-
tween cytochrome c reductase and cytochrome c oxidase. Due to its location
and function, cytochrome c is also a target of reactive oxygen species (ROS)
in cells since mitochondria are the main place producing intracellular ROS.
Because ionizing radiation can elicit significant ROS enhancement in cells, in-
vestigating the radiation-induced oxidative damage of cytochrome c is there-
fore an interesting issue. So far there have been some literatures reporting
the oxidative damage of cytochrome c by ROS [1-3], but most of them focused
on the modification of peptide moiety. In this work, non-thermal plasma [4]
was employed to induce the oxidative damage on cytochrome c. Various oxi-
dants including free radicals such as hydroxyl radical, superoxide radical and
hydrogen peroxide were produced in solution during the plasma discharge. It
was found that the protein was rapidly denatured/degraded by plasma dis-
charge. By adding ROS scavengers it was confirmed that hydrogen peroxide
was the main direct factor leading to the enzyme’s denaturation. The results
make us better understand the process and mechanism for the enzyme’s oxida-
tive damage and therefore may help us to find ways to protect cells from dam-
age under oxidative stress conditions.
This work was supported by the Foundation of the Natural Science of China
(No.10975152), Hundred Talents Program of Chinese Academy of Sciences
(CAS) and the Key Knowledge Innovation Project of CAS.
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Cytochrome c is a highly flexible heme protein known to partially unfold at
a pH above 8, generally reversibly. This study reveals the unexpected confor-
mational change that cytochrome c undergoes upon exposure to potassium
ferricyanide (~0.2 mM) at pH 11.5 for an extended period of time. A partially
